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Aims: Traditionally, advanced stage ovarian carcinoma is treated by debulking surgery followed by
chemotherapy. However, in some circumstances preoperative chemotherapy may be given before
optimal surgical debulking. This study aims to describe the morphological features found in ovarian
carcinoma after chemotherapy because these have not been detailed previously.
Methods: Histological sections were examined from 18 cases of ovarian carcinoma that had been
treated by preoperative chemotherapy. The morphology was compared with any pre-chemotherapy
biopsies that had been performed. Tumours were classified as showing morphological features
suggesting a good response to chemotherapy (n = 14) or as showing little or no response (n = 4).
Serum CA125 values before and after chemotherapy were compared. In all cases, the mitotic activity
index (MAI), volume percentage of epithelium (VPE), and mean nuclear area (MNA) of tumour cells
were calculated.
Results: The preoperative biopsies were all typical ovarian serous or endometrioid adenocarcinomas.
Morphological features present in the group responding to chemotherapy included the presence of
small groups or single tumour cells in a densely fibrotic stroma. Tumour cells were characterised by both
nuclear and cytoplasmic alteration, making accurate tumour typing and grading impossible. Nuclear
features included the presence of bizarre enlargement with hyperchromatism, irregularity of outline,
and chromatin clumping or smudging. Cytoplasmic alterations included intense eosinophilia, vacuola-
tion, or foam cell change. There were pronounced stromal changes of fibrosis, inflammation,
collections of foamy histiocytes, cholesterol cleft formation, haemosiderin deposition, fat necrosis, and
dystrophic calcification, including the presence of many free psammoma bodies. There was no corre-
lation between morphological response and biochemical response, as determined by serum CA125
values. In all nine cases in which pre-chemotherapy and post-chemotherapy biopsies were available,
the MNA increased post-chemotherapy (p = 0.007, paired Wilcoxon test) and in six of nine cases the
MAI decreased (p = 0.093).
Conclusions: Because preoperative chemotherapy is being used increasingly in the management of
ovarian cancer, pathologists should be aware of the resultant morphological effects. Accurate tumour
typing and grading is impossible. In some cases, it may be difficult to confirm the presence of residual
tumour, making it imperative that pre-chemotherapy tissue biopsies are obtained. Definite confirmation
of residual tumour may require the examination of multiple histological sections from areas showing
pronounced stromal changes, sometimes with multiple levels and immunohistochemistry. In the absence
of definite residual tumour, the report should state that the features are consistent with the prior pres-
ence of tumour.

Ovarian carcinoma is one of the most common female
malignancies in Western countries and is the second
most common gynaecological cancer, after endome-

trial cancer. The five year survival rate is poor at approximately
30–40%,1 although more recent indications are that this is
improving.2 The two main prognostic indicators are FIGO
stage at diagnosis and size of residual disease after surgery.
Poor survival rates are partly the result of late stage at presen-
tation, many patients being stage III–IV at diagnosis. A high
volume of residual disease after surgery is also important,3 and
a recent study found an improved survival advantage of 25%
in stage III disease when patients were operated on by a spe-
cialist gynaecological oncologist rather than a general
gynaecologist.4 This survival advantage is probably the result
in part of an increased proportion of patients who have opti-
mal surgical debulking.

The treatment of advanced stage ovarian cancer is usually
maximal surgical debulking followed by chemotherapy. How-
ever, recently there has been a trend towards intervention
debulking after primary chemotherapy. This may occur where
primary debulking has been suboptimal, where only small

tumour biopsies have been performed when extensive
abdominal and pelvic disease has been seen at laparotomy, or
where debulking is precluded by the patient’s condition. The
pathological features of ovarian cancer after chemotherapy
have not been detailed previously and the aim of our study is
to provide a description of these. Pathologists should be aware
of the resultant morphology because preoperative chemo-
therapy is likely to be used more frequently in the
management of ovarian cancer.

MATERIALS AND METHODS
The study group comprised 18 women with advanced stage
ovarian cancer who had been treated with preoperative
chemotherapy. The chemotherapy regimen varied between
individual patients but usually included a taxane and
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carboplatin. All available histological sections were reviewed
by the histopathologists involved in our study. In nine cases,
tissue biopsies were obtained before chemotherapy and these
were reviewed. These usually comprised needle biopsies or
small biopsies of tumour obtained at laparotomy. In the other

cases, a pre-chemotherapy diagnosis of adenocarcinoma was
confirmed by cytological examination of peritoneal fluid.
Serum CA125 values had been measured immediately before
and after chemotherapy. In all biopsies (both before and after
chemotherapy), the mitotic activity index (MAI) was

Figure 1 (A) Residual tumour after chemotherapy with low nucleocytoplasmic ratio and irregular nuclear outlines. Tumour cells have
abundant eosinophilic cytoplasm. (B) Tumour cell nuclei appear degenerate with chromatin smudging and clumping. (C) Tumour cells with clear
vacuolated cytoplasm. (D) Tumour cells with abundant clear foamy cytoplasm.

Figure 2 (A) Numerous cholesterol clefts are surrounded by foamy histiocytes. (B) A large aggregate of foamy histiocytes is present. (C) A
collection of multinucleate foreign body-type giant cells. (D) Numerous calcified psammoma bodies are present.
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measured, as described previously.5 6 This involved counting
the total number of mitotic figures in 25 contiguous fields of
vision with a conventional light microscope. The volume per-
centage of epithelium (VPE) and the mean nuclear area
(MNA) of tumour cells were also calculated as described
previously.5 6 These measurements were performed using the
QPRODIT system (Leica, Cambridge, UK).

RESULTS
The preoperative biopsies comprised typical ovarian serous
(n = 7) or endometrioid (n = 2) adenocarcinomas.

In four cases there were no obvious morphological features
suggesting a good response to chemotherapy; these neoplasms
comprising typical serous adenocarcinomas. The remaining 14
cases exhibited features suggestive of a good morphological
response. Although this varied between individual tumours, in
most cases there were pronounced changes. Surviving tumour
usually comprised individual cells or small groups of cells,
which were often difficult to identify, their identification
requiring high power examination. Surviving tumour cells
were characterised by both nuclear and cytoplasmic changes,

which meant that histological typing and grading was not
possible. Usually, residual tumour cells had a low nucleocyto-
plasmic ratio. Nuclear features included extreme enlargement
with very irregular outlines (fig 1A). Sometimes, nuclei had
such a bizarre outline that they mimicked multinucleate giant
cells. Nuclei often appeared degenerate with chromatin
smudging or clumping (fig 1B) and there were sometimes
prominent nucleoli. In most cases, mitotic figures were not
easily identified. The cell cytoplasm was either intensely eosi-
nophilic (fig 1A) or clear with a vacuolated (fig 1C) or foamy
appearance (fig 1D). Pronounced stromal changes were also
present. These varied between individual cases and from area
to area within the same tumour. The stroma was often densely
fibrotic and contained inflammatory cells, fibrinous debris,
cholesterol clefts (fig 2A), and haemosiderin pigment.
Especially within the omentum, there were large areas of fat
necrosis with collections of foam cells (fig 2B) and multinucle-
ate foreign body-type giant cells (fig 2C). An additional char-
acteristic finding was the presence of numerous calcified
psammoma bodies (fig 2D), which were usually associated
with a fibrous stroma with or without residual tumour cells.

Table 1 Comparison of serum CA125 values before and after chemotherapy and morphological response

Case
Serum CA125 values (U/ml)
before chemotherapy

Serum CA125 values (U/ml) after
chemotherapy

Decrease in serum CA125 values
(%)

Morphological features
suggesting a response to
chemotherapy

1 331 245 26 Yes
2 1326 25 98 Yes
3 83 47 43 No
4 274 NA – Yes
5 7300 92 99 Yes
6 8 12 50* Yes
7 73 23 68 Yes
8 NA NA – Yes
9 1476 52 96 Yes
10 4962 164 97 Yes
11 570 17 97 No
12 2351 740 69 No
13 1400 4 100 Yes
14 16 699 350 98 Yes
15 3672 83 98 Yes
16 2367 85 96 Yes
17 566 10 98 No
18 2000 98 95 Yes

*Serum CA125 value rose by 50%.
NA, not available.

Table 2 MAI, VPE, and MNA of biopsies before and after chemotherapy

Case

Before chemotherapy After chemotherapy

MAI VPE MNA MAI VPE MNA

1 NA NA NA 0 23 74
2 NA NA NA 3 13 133
3 114 80 76 45 68 100
4 8 12 56 13 52 84
5 NA NA NA 35 54 102
6 16 17 43 7 4 57
7 NA NA NA 2 16 83
8 NA NA NA 0 6 79
9 3 70 63 2 30 75
10 88 68 100 8 52 106
11 3 66 52 3 53 124
12 63 56 72 81 60 75
13 124 62 65 0 3 123
14 NA NA NA 9 51 89
15 NA NA NA 3 32 162
16 NA NA NA 2 12 216
17 NA NA NA 6 12 200
18 26 78 60 2 38 117

MAI, mitotic activity index; MNA, mean nuclear area; NA, not applicable; VPE, volume percentage of
epithelium.
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Table 1 shows the serum CA125 values immediately before
and after chemotherapy, the percent drop in CA125 concentra-
tions and the presence or absence of morphological features
suggesting a response to chemotherapy. There was no obvious
correlation between the biochemical response to chemo-
therapy, as determined by serum CA125 values, and the mor-
phological response.

Table 2 shows the MAI, VPE, and MNA of all biopsies. As can
be seen, in all cases the MNA of tumour cells increased after
chemotherapy and in six of nine cases the MAI decreased (in
one case the MAI was identical before and after chemo-
therapy). The mean MAI before chemotherapy was 49 and the
mean MAI after chemotherapy was 12. The mean MNA before
chemotherapy was 65 and the mean after chemotherapy was
111.

DISCUSSION
The morphological effects of chemotherapy on ovarian cancer
have not previously been described in detail. Because
preoperative chemotherapy is being used increasingly more
often in the management of advanced ovarian malignancy,
pathologists should be aware of the resultant morphological
effects, which may result in difficulties in tumour typing and
grading and in the identification of residual neoplasia. Preop-
erative chemotherapy has also been used in the management
of other malignancies and the morphological effects on
epithelial tumours such as breast and lung cancer have been
described.7–10 Although in our present study there were only
nine cases where pre-chemotherapy and post-chemotherapy
tissue biopsies were available for study, the morphological
features after chemotherapy in most of the other cases were so
characteristic that they were suggestive of a good response.
The morphological features of ovarian cancer treated with
chemotherapy appear to be similar to those described in other
cancers, with both nuclear and cytoplasmic alterations and
pronounced stromal changes. Surviving tumour cells tend to
have enlarged nuclei (demonstrated by increased MNA) and a
low nucleocytoplasmic ratio, with extremely bizarre nuclear
outlines and nuclear chromatin smudging and clumping.
Nuclear size, as defined by MNA, has been shown to be a use-
ful prognostic indicator in ovarian carcinoma,6 and therefore
an increased MNA post-chemotherapy may influence the
results if this measurement is used as a predictor of outcome.
Post-chemotherapy tumour cells are usually arranged singly
or in small groups, often without glandular formation, and
mitotic figures are often inconspicuous (this is borne out by a
decreased MAI in most cases after chemotherapy). This means
that tumour grading, which has important prognostic
implications and which depends on the assessment of both
cytological and architectural features, including mitotic
activity,11 12 is not reliable after chemotherapy. In addition,
tumour typing is impossible because in those cases that
showed a good morphological response to chemotherapy, the
carcinoma could not be classified as either serous, mucinous,
endometrioid, or clear cell in type. Tumour type is also of prog-
nostic relevance and may be a predictor of probable
chemoresponsiveness.11 In many cases, tumour cells contained
clear vacuolated or foamy cytoplasm after chemotherapy, and
there was a temptation to diagnose these as clear cell carcino-
mas. However, we feel that these features are the result of
chemotherapy and do not represent clear cell carcinomas. In
those cases where pre-chemotherapy tissue was available for
histological examination, the tumours could be classified into
one of the aforementioned groups. Such problems with
tumour typing have been highlighted previously in breast
cancer treated with preoperative chemotherapy.8

“Because preoperative chemotherapy is being used
increasingly more often in the management of advanced

ovarian malignancy, pathologists should be aware of the
resultant morphological effects”

The consistent increase in MNA and decrease in MAI index
after chemotherapy was interesting. The decrease in MAI is in
keeping with the results of a previous study investigating the
effects of chemotherapy on breast carcinoma.10 However, this
previous study found no consistent differences between MNA
before and after chemotherapy. The number of cases in our
study is small and further studies should be performed to
ascertain whether chemotherapy treatment results in a
consistent increase in MNA in ovarian carcinoma.

In addition to problems with the typing and grading of
neoplasms, there were in some cases difficulties in detecting
residual tumour. Although this indicates a good response to
chemotherapy, in some instances it may be impossible to con-
firm malignancy unequivocally. We feel that in cases where
preoperative chemotherapy is being performed, a histological
tissue biopsy should be obtained if possible, both to confirm
the presence of ovarian cancer and to ascertain the
morphological subtype. Confirmation of an ovarian primary
tumour may require immunohistochemical studies with anti-
bodies such as CA125 and those directed against cytokeratins
7 and 20.13 14 Although a greatly raised serum CA125 concen-
tration may suggest a primary ovarian malignancy, it is not
specific. Raised CA125 concentrations may be seen with other
malignancies, especially when widespread pelvic or abdomi-
nal peritoneal disease is present.

Pronounced stromal changes with little or no residual
tumour was especially characteristic of omental involvement.
In such cases, multiple tissue sections may need to be exam-
ined histologically, possibly with multiple levels, and/or
immunohistochemistry to confirm the presence of tumour. If
tumour is not definitely identified, then a report of “morpho-
logical features consistent with the presence of tumour
pre-chemotherapy” can be rendered. Clearly, this has implica-
tions for the accurate staging of tumours. In some cases, the
resected omentum was unremarkable, with no stromal
changes, and in these instances it is probable that there was no
previous involvement by tumour. Therefore, the presence of
pronounced stromal changes may be a good indicator of pre-
vious tumour infiltration. A further potential diagnostic pitfall
is the misinterpretation of tumour cells with a low nucleocy-
toplasmic ratio and abundant foamy cytoplasm as histiocytes.
Again, correct interpretation requires careful morphological
examination with or without confirmatory immunohisto-
chemistry using anticytokeratin and antihistiocytic antibod-
ies. A characteristic stromal change found in many of the cases
that exhibited a good response to chemotherapy was the pres-
ence of abundant calcified psammoma bodies, often unassoci-
ated with residual tumour. As far as we are aware, this has not
been described in other tumours treated with chemotherapy
preoperatively. It is possible that the presence of psammoma
bodies may indicate a pre-existing serous tumour or alterna-
tively they may be a consequence of the chemotherapy. As
with the other stromal changes, the presence of psammoma
bodies should alert the pathologist to search carefully for
tumour. Clearly, the gynaecological oncologist must always
inform the pathologist that preoperative chemotherapy has
been administered, and in such cases the pathologist should
be aware that definite demonstration of residual neoplasia
may be problematic.

The comparison of serum CA125 values before and after
chemotherapy is often used as an indicator of response to
chemotherapy. However, our study showed no obvious
correlation between biochemical response, as determined by
serum CA125 values, and morphological response. Many of
the tumours showed a dramatic biochemical response with a
drop in serum CA125 concentrations close to 100%. Clearly, a
good biochemical response after chemotherapy is not always
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indicative of a good morphological response. The reasons for
this are uncertain.

Although most tumours exhibited features suggestive of a
good morphological response to chemotherapy, some showed
few or none of the histological changes described. The reasons
for this are not clear but are presumably linked to resistance to
chemotherapy. The number of cases in our study is small and
clearly carefully designed prospective studies of large numbers
of cases with follow up will be necessary to determine whether
a good morphological response to preoperative chemotherapy
is indicative of an improved prognosis.
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